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High Speed Pull Test Device 

This invention relates to a test device for electrical bonds of semi-conductors, and 
particularly to a device suitable for high speed puU testing. 

5 

Electrical bonds of semi-conductor devices often comprise an array of solder or gold 
balls, on a substrate having electrical pathways. These balls are used to connect 
individual wires to the pathways, or to connect to pathways of another substrate whilst 
the substrates are in aligned contact. A solder ball will be re-flowed, and a gold ball 
10 will be welded. 

Test devices are required to confirm that the balls have sufficient mechanical adhesion 
to the substrate, in order to confirm viability of the manufacturing technique. It is 
known to test in shear by driving a tool at the side of a ball, and in tension by grippmg 
1 5 and pulling the ball orthogonally to the substrate. 

The individual balls are generally arranged in an array, and are very small. A solder 
ball is typically in the range 1000-75^m in diameter, whereas a gold ball is in the range 
100-20^m in diameter. These 'balls' have a somewhat hemispherical appearance when 
20 attached to a substrate. The very small size of some solder and gold balls means that 
the breaking forces are very low, and special measures are required to reduce fiiction to 
a mmimum so as to permit breaking force to be measured. 

Testing of the ball/substrate bond at a high rate of stress is desirable, hi the case of a 
25 shear test, the tool can be driven against the respective ball firom a distance, and thus the 
necessary impact speed can be generated. However high speed pull testing of balls is 
problematic because the test tool must first grip the ball, and thus cannot gather speed 
or momentum before the test commences. 

30 The present mvention provides one solution to the problem of high speed pull testmg. 
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According to one aspect of the invention there is provided a method of testing an 
electrically conductive ball adhered to a substrate, and comprising the steps of gripping 
the ball with a test tool, pulling the ball in a direction substantially orthogonal to the 
substrate whilst urging the substrate lightly against the ball, and abruptly halting the 
5 substrate. 

The substrate is lightly supported so as to impose very little gravitational or inertial 
force on the bond between Ihe ball and the substrate. Light support may for example be 
provided by a light spring or an air ram. An air ram may be preferable because it has a 
1 0 substantially constant rate. 

In a preferred embodiment the substrate is halted by a fixed abutment of a test machine 
having a frame on which the test tool is movable. Preferably the method commences 
with the substrate in contact with the abutment, and the test tool is advanced against the 
15 light support so as to push the substrate away from the abutment to a position from 
which the test tool is reversed at speed, tibius bringing the substrate into abrapt contact 
with the abutment. 

This arrangement is advantageous since it permits the substrate to be restrained during 
20 gripping, and allows the speed of the test tool at the point of restraint of the substrate to 
be adjusted, according to the distance over which the tool accelerates, or according to 
the rate of change of acceleration over a fixed distance. 

The arrangement may also be used for a static pull test in which the substrate is in 
25 contact with the abutment prior to pulling on the ball. 



According to a second aspect of the invention there is provided apparatus for tensile 
testing of an electrically conductive ball adhered to a substrate, the apparatus 
comprising a gripper for gripping a ball adhered to a substrate, a platen having a surface 
30 for supporting the substrate, means for moving the gripper on an axis substantially 
orthogonal to said surface, means to lightly urge the platen on said axis towards the 
gripper, and an abutment for the substrate whereby, in use, tiie platen and gripper move 



3 

in unison with respect to the abutment until the substrate contacts the abutment, 
whereby the gripper and platen tend to move apart 

nns apparatus permits sudden application of force to the ball/substrate interface. 
Conventional means may be provided to permit the breakmg load to be determmed. 

Preferably means are provided to drive the gripper with respect to a fixed abutment. 
Hie means to lightly urge the platen toward the gripper may be for example a light 
spring or an air ram. The force required is just sufficient to avoid drag on the substrate, 
LO such as might be imposed by gravitational Motional or inertial forces. 

Other features of the mvention will be apparent form the foUowmg description of a 
• preferred embodiment shown by way of example only in the accompanying drawings m 
which:- 
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Fig. 1 is a schematic side elevation of test apparatus according to the invention. 



The proportions iHustrated m the drawmg are exaggerated for the purposes of clear 
understanding of the invention. In particular it must be remembered that the solder ball 
20 illustrated is typically around 1 GO p.m in diameter 

With reference to the drawmgs a rigid firame 11 comprises a base 12 with upstanding 
legs 13 at each side, each leg having an mwardly directed arm 14 in a common plane, 
and definiag an opening 15 therebetween. 

25 

Centrally located on the base is an air actuator 16 having a ram 17 on which is situated 
a platen 18. A substrate 19 having a solder ball 20 rests on the platen 18, and at its 
edges is in contact with the inner side of the arms 14, as iUustrated. 

30 A pull test tool 21 has opposite jaws 22 which are adapted to open and close about the 
ball 20, and which is movable orthogonally to the platen 1 8 to apply a tensile test to the 
ball. 
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la use the substrate 19 is positioned on the platen 18 as iUustrated, and lightly urged 
against the arms 14 by the ram 1 7, 

5 The test tool 21 is driven down over the ball 20 and the jaws closed, so that the ball is 
gripped. The test tool is then driven down further against the ram 17 so that the 
substrate is at a distance from the aims 14. 

The actuator may have a permanent leak path to permit the ram to retreat without 
1 0 exerting substantive force on the platen. 

The test is performed by accelerating the test tool 21 upward, allowmg the ram 17 to 
follow, at all times keeping the platen in contact with the substrate. 

15 At a desired speed the substrate makes contact with the arms and is immediately 
stopped. However the test tool continues upward, and by virtue of its grip on the ball 
can apply a sudden jerk to the ball/substrate interface. By this means the apparatus 
allows a high speed tensile test to be performed for the purpose of measuring the 
breaking force of the ball/substrate interface. The breaking force is measured by known 
20 apparatus. 

The illustrated apparatus is diagrammatic, and only one ball is illustrated on the 
substrate. In practice an array of balls would be present, and means provided to aUow 
either the test head or the frame to be indexed, so as to place the required ball under the 
25 test tool. For example the frame 1 1 could be placed on a conventional movable X- Y 
table. 

The frame may of course havhag a smgle upstanding peripheral wall in place of legs 13, 
and cfrcumferentially extending arms. If required conventional means of locating and 
3 0 holding the substrate with respect to the platen may also be provided. 



The force exerted by the ram 17 must be siafficient to avoid any tensile load on the 
bond/substrate interface whilst the ram is moving upward. This force can be 
determined empirically, and the ram force may for example be adjusted by a variation 
in air pressme supplied thereto. Other conventional means of supporting the platen 18 
may be provided, for example a light spring, in place of the actuator 16. 



